Objective Epidemiological studies have shown evidence of the effect of sex hormones in the pathogenesis of breast cancer, and have suggested a relationship of the disease with variations in genes involved in estrogen synthesis and/or metabolism. The aim of the present study was to evaluate the association between the CYP3A4 Ã 1B gene polymorphism (rs2740574) and the risk of developing breast cancer. Methods In the present case-control study, the frequency of the CYP3A4 Ã 1B gene polymorphism was determined in 148 women with breast cancer and in 245 women without the disease. The DNA of the participants was extracted from plasma samples, and the gene was amplified by polymerase chain reaction. The presence of the polymorphism was determined using restriction enzymes. Results After adjusting for confounding variables, we have found that the polymorphism was not associated with the occurrence of breast cancer (odds ratio ¼ 1.151; 95% confidence interval: 0.714-1.856; p ¼ 0.564). We have also found no association with the presence of hormone receptors, with human epidermal growth factor receptor 2 (HER2) overexpression, or with the rate of tumor cell proliferation. Conclusion We have not observed a relationship between the CYP3A4 Ã 1B gene polymorphism and the occurrence of breast cancer.
Introduction
Breast cancer is the most common type of cancer in the female population, second only to cases of non-melanoma skin cancer. The mortality rate due to the disease presents an upward curve, 1 contributing to make breast cancer a major public health problem and an important cause of mortality in adults. 2 In 2018, 59,700 new cases were estimated in Brazil, representing an incidence rate of more than 56 cases per 100,000 women. 1 A previous family history of the disease is present in $ 10 to 15% of the breast cancer patients. However, only 5% of the cases can be explained by mutation of genes such as BRCA1 and BRCA2. 3 Regarding the family risk for the development of the disease, it is necessary to consider the influence of environmental factors and genetic variations that may alter the predisposition to the risk of breast cancer. 4 CYP3A4 is an enzyme of the cytochrome P450 family, encoded by the CYP3A4 gene, which plays a key role in the metabolism of estrogens, catalyzing its hydroxylation in the liver; it contributes with other enzymes that also participate in this process, both intrahepatically and extrahepatically. In the hydroxylation process catalyzed by these enzymes, estradiol is converted to 2-hydroxyoestradiol, a hormone metabolite that has a low carcinogenic potential. 5 Several studies have shown that exposure to estrogen plays an important role in the etiology of breast cancer. 6, 7 Because estrogens and their metabolites are known as inducers and promoters of tumor growth, genes encoding enzymes involved in their metabolism are hypothetically involved in the pathogenesis of this neoplasm. 8, 9 Recently, numerous researchers have focused their studies on some gene polymorphisms of estrogen metabolism and, apparently, the influence of these changes on the risk of developing breast cancer is low. However, as these are common changes, it is plausible that they may be responsible for a large number of cases of the disease. 10 Of the many single nucleotide polymorphisms (SNPs) that have been identified in the CYP3A4 gene, the CYP3A4 Ã 1B variant is one of the most common polymorphisms, and has been associated with specific types of cancer, including breast cancer. 2 The CYP3A4 Ã 1B polymorphism (rs2740574) corresponds to an A to G substitution at the position -290 of the gene promoter, which results in a lower expression of CYP3A4 or a decrease in the catalytic activity of the enzyme. 11 Some studies have evaluated the polymorphism in question with regards to the predisposition to breast cancer, without an association being clearly established. [12] [13] [14] [15] [16] In the present clinical, cross-sectional case-control study, we have evaluated the potential relationship of the CYP3A4 gene polymorphism with breast cancer.
Methods
We studied 393 women recruited between 2013 and 2015, who were followed-up in the Mastology Sector of the Division of Gynecology of Faculdade de Medicina do ABC (FMABC, in the Portuguese acronym). The project was approved by the Ethics in Research Committee of the institution under the number 169/2010. The participants were divided into 2 groups: 148 women with a histologically confirmed diagnosis of breast cancer (case group), and 245 women without the disease, with normal clinical and mammographic examinations (control group). For the patients with breast cancer, an immunohistochemical analysis of the tumor was performed to determine the presence of estrogen receptors, detected using the EP1 clone. Clinical data were collected with the use of a questionnaire. The following data were recorded: age, age at menarche and last menstruation, number of pregnancies, previous use of hormonal medications, breastfeeding, history of smoking, alcohol consumption, and endocrine diseases. The patients included were informed about the study and signed a consent form.
Venous blood samples were collected from the women in both groups, and the genomic DNA was extracted using the Illustra blood genomic prep mini spin reagent kit (GE Healthcare Life Sciences, Buckinghamshire, UK)), following the manufacturer's instructions. The presence of the CYP3A4 gene polymorphism was determined following the polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP) procedure described by Voso et al. 17 For the amplification of the promoter region of the gene by polymerase chain reaction (PCR), the following primers were used: 5′ GGA CAG CCA TAG AGA CAA GGG CC-3' and 5′TCA CTG ACC TCC TTT GAG TTC ATA-3′. The 165-bp PCR products were treated with the MspI restriction enzyme, and the restriction fragments were separated by electrophoresis in 3.0% agarose stained with ethidium bromide. At the end of the analysis, A/ A homozygotes should present a single 165-bp band, G/G homozygotes should present 2 bands of 142 and 23 bp, and amplificado por meio de reação em cadeia da polimerase, enquanto o polimorfismo foi determinado por enzimas de restrição. Resultados O polimorfismo, após o ajuste para variáveis de confusão, não foi associado à ocorrência de câncer de mama (razão de possibilidades ¼ 1,151; intervalo de confiança de 95%: 0,714-1,856; p ¼ 0,564). Também não observamos associação com a presença de receptores hormonais, superexpressão do receptor tipo 2 do fator de crescimento epidérmico humano (HER2, na sigla em inglês), ou com a taxa de proliferação celular do tumor. Conclusão Não observamos relação entre o polimorfismo do gene CYP3A4 Ã 1B e a ocorrência de câncer de mama.
A/G heterozygotes should present 3 bands of 165, 142 and 23 bp (►Fig. 1).
To assess the association between the study groups and the categorical variables, we have used the frequency chi-squared test, whereas the continuous variables were analyzed using the unpaired t-test. The Hardy-Weinberg equilibrium was also tested using the chi-squared test. After the stratification of the groups, the effect of the CYP3A4 gene polymorphism on breast cancer development was estimated by the odds ratio (OR), obtained by the binary logistic regression model, using IBM SPSS Statistics for Windows, version 23.0 (IBM Corp, Armonk, NY, US). The confidence interval (CI) adopted was 95%, and the value for rejection of the null hypothesis was set at 0.05 or 5% (α 0.05).
Results
The clinical and epidemiological characteristics of the case and control groups are described in ►Table 1. Both groups presented homogeneity for almost all of the characteristics evaluated, with similar proportions of women > 50 years old, of menopausal women and/or of women who used hormone therapy. The variable parity and the age at first pregnancy also showed no significant differences between the groups. The cases were more likely to use oral contraceptives than the controls, with the frequency of use at 22.3% and 6.1% respectively (p < 0.0001). The family history of breast cancer (p ¼ 0.04) was more frequent in women who presented with the disease, with a difference of almost 10% between the groups.
The genotyping and the frequency of the alleles are described in ►Table 2.
Due to the low incidence of the GG genotype in the studied population, we have chosen to analyze the results comparing the wild homozygous group (AA) with the polymorphic group (AG þ GG). After adjusting for oral contraceptive use and family history of breast cancer, the presence of the G Fig. 1 Polymerase chain reaction products visualized on ethidium bromide-stained 3% agarose gels. In addition, no statistically significant difference was found between the polymorphisms when they were analyzed according to the estrogen receptor status, to human epidermal growth factor receptor 2 (HER2) overexpression or nonoverexpression, or to cell proliferation rate represented by Ki67, as shown in ►Table 3.
Discussion
The distribution of the genotypes is not in genetic equilibrium according to the Hardy-Weinberg principle, which has also been observed in some of the previous studies that evaluated the same polymorphism. This fact can be explained by the excess of the CYP3A4 Ã 1B gene homozygous variant or by the high frequency of the wild variant when compared with that of the polymorphism, although this hypothesis has not been clearly discussed in the literature. 2, [18] [19] [20] [21] [22] Hereditary predisposition to breast cancer significantly influences the screening and follow-up of women at high risk of developing the disease. However, in patients with a personal or family history of breast cancer, a specific genetic predisposition is identified in less than 30% of the cases. 23 Thus, it seems that the effect of low penetrance gene polymorphisms on the risk for breast cancer is relevant only in polygenic forms. 23 Genetic factors have been described as modifiers of estrogen levels and good candidates for breast cancer pre-disposition alleles. 12 Genetic variations found in the CYP3A4 gene, located in the chromosome 7q21.3-q22.1, may influence the level or function of the CYP3A4 protein. 2 Single nucleotide polymorphisms have already been identified in the CYP3A4 gene, and the most common variant is the CYP3A4 Ã 1B gene, an A290G substitution in the 5′ flanking region. 24 The CYP3A4 Ã 1B gene polymorphism was hypothesized to cause reduced CYP3A4 gene expression. 16 Our study demonstrated that the G allele and the GG genotype of the CYP3A4 Ã 1B gene polymorphism were not directly associated with the occurrence of breast cancer, as shown in table 2.
The association between this polymorphism and the disease has already been studied by groups from several countries, without a direct relationship being established. A Chilean study found a higher frequency of the polymorphism in patients with breast cancer when compared with healthy women, although the difference was not statistically significant (OR ¼ 1.83; p ¼ 0.212). 25 In 1998, a prospective study involving more than 2,700 women also evaluated the relationship between breast cancer and the CYP3A4 Ã 1B gene, and found no association. 10 Similarly, an Australian study also found no association between breast cancer and the CYP3A4 Ã 1B gene, even when the outcome was adjusted for age and menopausal status (OR ¼ 0.86; 95%CI: 0.54 -1.33). 16 In addition, a 2012 large systematic review followed by a meta-analysis, which included 11 studies and nearly 7,000 patients, did not find any evidence that the CYP3A4 Ã 1B gene is related to the risk of cancer. 2 Genetic variations in enzymes involved in steroidogenesis have been suggested to play a role not only in the risk of breast cancer, but also in the age at menarche. 25 The association of earlier menarche with the presence of the CYP3A4 Ã 1B gene has been demonstrated in a study conducted with women from the United States (adjusted OR ¼ 3.21; 95% CI: 1.62-6.89). 25 The possible relationship between the polymorphism in question and breast cancer was suggested by Kadlubar et al 26 due to the positive association found between the polymorphic variant and the age at menarche, a recognized risk factor for the development of the disease. 25 In our study, the age at menarche was lower in the case group than in the control group (p ¼ 0.059).
A factor with strong involvement that has not yet been established as a risk factor is the use of oral contraceptives, which, in our study, was related to a higher incidence of the disease (p < 0.0001). 27 A meta-analysis correlating Iranian studies demonstrated that the use of oral contraceptives may stimulate the occurrence of breast cancer because it directly increases estrogen levels and indirectly influences weight gain. 28 In a recent prospective cohort study, a relative risk of breast cancer of 1.20 was found (95%CI: 1.14-1.26) among users of hormonal contraception, as compared with women who had never used hormonal contraception. 29 Our finding is also consistent with the results reported in an analysis published in 2016 that showed an OR of breast cancer development that was 54.6% lower in patients who did not use oral contraceptives compared with those who used them. 30 Approximately 5 to 10% of breast cancer cases are familial and occur earlier than those in the general population. The BRCA1 and BRCA2 mutations are primarily responsible for hereditary breast cancer. 31 Despite years of research, it has been shown that a minority of patients with a personal or family history of breast cancer have a genetic mutation as an identifiable cause. 23 The present study is consistent with the global literature, as we have found a positive association of family history with the development of the disease (p ¼ 0.004).
A stratified analysis according to HER2 or to estrogen receptor expression in neoplastic cells showed no relationship with the occurrence of the polymorphism studied. Similarly, Ki67-a tumor cell proliferation index -was not a factor associated with the greater presence of polymorphic alleles. We believe, however, that more studies are needed to confirm any of the proposed hypotheses due to the lack of evidence in the literature on the subject.
We note that the controversy remains over the influence of the CYP3A4 Ã 1B gene on the genesis of breast cancer. More studies and a larger case sample are necessary to confirm the effects on the risk of breast cancer to assist in the screening and follow-up of patients at increased risk of the disease.
The main results of the present study suggest that the G allele and the GG genotype of the CYP3A4 Ã 1B gene do not play a key role in breast cancer development.
The small sample size and the breast cancer risk factors were among the limitations of the present study that might have affected the detection of differences between the groups.
Conclusion
We did not observe a relationship between the CYP3A4 Ã 1B gene polymorphism and the occurrence of breast cancer.
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